(12) INTERNATIONAL AF^CATION PUBLISHED UNDER THE PATENT ^p)PERAT10N TREATY (PCT) 



(19) World Intellectual Property Organization 
Internationa] Bureau 

(43) International Publication Date 
21 March 2002 (21.03.2002) 




PCT 



(10) International Publication Number 

WO 02/23515 Al 



(51) International Patent Classification 7 : G09F 21/04, 
3/00, B62J 6/00 

(21) International Application Number: PCT/USOO/25098 

(22) International Filing Date: 

14 September 2000 (14.09.2000) 



(25) Filing Language: 

(26) Publication Language: 



English 
English 



(71) Applicant and 

(72) Inventor: HOCH, David, J. [/US]; 124 School Street, Wa- 
tertown, MA 02472 (US). 

(74) Agent: STADN1CKI, Alfred; 5th floor, 1146 Nineteenth 
Street, NW, Washington, DC 20036 (US). 

(81) Designated States (national): AE, AL, AM, AT, AU, AZ, 
BA, BB, BG, BR, BY, CA, CH, CN, CR, CU, CZ, DE, DK, 



DM, EE, ES, FI, GB, GD, GE, GH, GM, HR, HU, ID, IL, 
IN, IS, JP, KE, KG, KP, KR, KZ, LC, LK, LR, LS, LT, LU, 
LV, MA, MD, MG, MK, MN, MW, MX, NO, NZ, PL, PT, 
RO, RU, SD, SE, SG, SI, SK, SL, TJ, TM, TR, TT, TZ, UA, 
UG, UZ, VN, YU, ZA, ZW. 

(84) Designated States (regional): ARTPO patent (GH, GM, 
KE, LS, MW, MZ, SD, SL, SZ, TZ, UG, ZW), Eurasian 
patent (AM, AZ, BY, KG, KZ, MD, RU, TJ, TM), European 
patent (AT, BE, CH, CY, DE, DK, ES, FI, FR, GB, GR, IE, 
IT, LU, MC, NL, PT, SE), OAPI patent (BF, BJ, CF, CG, 
CI, CM, GA, GN, GW, ML, MR, NE, SN, TD, TG). 

Published: 

— with international search report 

For two-letter codes and other abbreviations, refer to the "Guid- 
ance Notes on Codes and Abbreviations" appearing at the begin- 
ning of each regular issue of the PCT Gazette. 



== (54) Title: ELECTRONIC DISPLAY APPARATUS 



< 

in 




(57 ) Abstract : A light display 
is mounted on the spokes of 
a rotating bicycle wheel. The 
display includes a plurality of 
arrays of lights, each array 
attached to one of the spokes. 
A sensor on wheel, actuated by 
a magnet mounted on the frame, 
senses the angular velocity 
of the rotating wheel with 
respect to the bicycle frame. 
A microprocessor, mounted 
on the wheel and connected 
to the sensor, and individually 
connected to each of the 
plurality of arrays of lights by a 
cable, includes a memory which 
stores a plurality of display 
patterns. The microprocessor 
modulates the plurality of arrays 
of light according to a selected 
one of the plurality of display 
patterns and the sensed angular 
velocity of the rotating wheel to 
form an image using persistence 
of vision of a viewer. 
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Electronic Display Apparatus 



Field of the Invention 



5 



This invention relates generally to devices for displaying 
information or images, and more particularly, to a display 
apparatus for producing an optical illusion of displayed images 
using time/position multiplexing and persistence of vision of a 
10 viewer. 

Background of the Invention 

The characteristic persistence of vision of human viewers has been 
15 used to advantage in previous display devices. The Bell U.S. 
Patent 4,470,044 uses a modulated array of lights to create 
momentary perceptible visual images when scanned asynchronously by 
the human eye. There, the display device relies on saccadic eye 
moveiijent between two points of eye fixation, the device itself 
20 remains stationary. 

The Nobile et al. U.S. Patent 5,057,827 describes a motor actuated 
rotating member where an array of LEDs. are turned on and off using 
time or position division multiplexing so that to an observer an 
25 image is generated over the path of the array. 

The McEwen et al. U.S. Patent . 5,180,912 and U.S. Patent 
5,192,864 describe a linear array of LEDs that also is stationary. 
There, a rotating mirrored surface or facet of a polygon is used 
30 to create the effect of rotary motion of the LED array. The 
persistence of vision of a human observer produces a two 
dimensional image as the LEDs are selectively controlled. 

The Belcher et al. U.S. Pat. No. 5,302,965 describes a rotating 
35 display device which rotates vertical columns of light emitting 
diodes. The light emitting diodes arranged in the columns sweep 
around a cylindrical surface. A control circuit turns the light 
emitting diodes on and off to provide an image display on the 
surface. The Belcher et al. display device requires a complex 
40 electromechanical device with a motor for rotating the LED columns 
at a uniform rate of rotation. 

The Eason U.S. Patent 5, 748 , 157 describes a hand held wand with an 
LED column actuated by an inertial switch. The wand can be swung 
45 back and forth while the lights are periodically turned on and 



The Tokimoto U.S. Patent 5,548,300 also describes a manually 
operated wand with an array of LED lights. The wand can be swung 
50 around an operating fulcrum. The fulcrum supplies relative angular 
position. information and rotation speed information for 
synchronizing the turning the lights. 
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A disadvantage of traditional persistence of vision display 
devices is that complex electromechanical devices are required for 
producing uniform oscillating or rotating. The prior art devices 
5 also cannot readily adjust 

to different and variable periods or cycle times in different 
uses. The devices with a singular linear array of light are also 
not suited for slowly moving display systems, or for use in 
conditions where there is a significant amount of ambient 
10 background light. 

Summary of the Invention 

A light display is mounted on a bicycle wheel. The display 
15 includes a plurality of arrays of lights. The arrays include at 

least one master array, and a number of additional slave arrays. 

Each of the arrays is attached to a spoke of the bicycle wheel. A 

sensor mounted on the wheel is actuated by a magnet mounted on the 

bicycle frame. The sensor is used to determine the angular 
20 velocity of the wheel. The sensor can be attached to a coil of 

wire where a current is induced when the coil passes through the 

magnetic field. 

. A microprocessor, mounted on the wheel and connected to the 
25 sensor, and individually connected to each array of lights by a 
cable, includes a memory which stores a plurality of display 
patterns. The microprocessor modulates the plurality of arrays of 
light according to a selected one of the plurality of display 
patterns and the sensed angular velocity of the rotating wheel to 
30 form an image using persistence of vision of a viewer. 

As an advantage, the display device with multiple light arrays can 
be used rotating objects having a relatively low angular velocity, 
such as bicycle wheel. In addition, with multiple reinforcing 
35 lights, the device can be used in places where there is a 
significant level of ambient background light, such as public 
roads . 

Brief Description of the Drawings 

40 

Figure 1 is a side view of linear arrays of lights mounted on 
spokes of a bicycle wheel; 

Figure 2 shows the array of lights mounted on a bicycle; 



45 



Figures 3a-3f show possible light patterns; 



Figure 4 is a block diagram of master and slave light arrays; 



50 Figure 5 is a schematic of a master array; 



Figure 6 is a schematic of a slave array; 
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Figure 7 is a side view of a bicycle wheel with one master and two 
slave arrays; 

5 Figure 8 is a partially cut-away view of a master arrays; and 
Figure 9 is shows arrays attached to a wheel hub. 
Detailed Description of the Preferred Embodiments 



As shown in Figure l f the apparatus according to my invention 
comprises one or more linear arrays 101-103 of light -emitting 
diodes (LEDs) , and circuitry 200 to activate the light arrays. The 
arrays 101-103 and control circuitry 200 are for mounting on 
15 spokes of a bicycle wheel 110 , either the front, back, or both 
wheels . It should be understood that the apparatus can also be 
arranged on other rotating or oscillating objects. 

At least one array 101, and the control circuitry 200 is a 
20 ^master" array, and the additional arrays 102-103 are "slaves" 
arrays connected to the master by cables 105 for serial 
communication. Other configurations can include a single master, 
one master and one slave, one master and two slaves (as shown) , 
one master and three slaves, and so forth. The light arrays are 
25 respectively mounted on master and slave housings described in 
greater detail below. The housings can be used to attach the 
arrays to moving objects, such as, wheels. 

Each array includes, for example, sixteen LEDs. The number of 
30 lights can be adjusted for radii of different lengths. The control 
circuit 200 includes a battery compartment that holds, for 
example, four batteries and a microprocessor. The end of the 
master array nearest to the rim of the wheel includes a sensor 
106, for example, a coil including about a hundred turns of wire. 
35 A current is induced in the coil whenever it passes through a 
magnetic field. The current can be amplified and detected by the 
sensor. Alternatively, the sensor can be a reed switch, or a 
solid-state magnetic-field Hall-effect sensor. The sensor 106 is 
actuated by a magnet that can be attached to the fork of the 
40 bicycle frame. In other words, the magnet is stationary while the 
arrays and the sensor rotate. The sensor 106 is used to 
synchronous the operation of the lights as the wheel HO.^rotates. 
The entire apparatus is operated by control buttons 108. 

45 As shown in Figure 2, when a cyclist rides a bicycle 210 during 
low-light or night time conditions, the array 101 attached to a 
spoke rotate as the wheel 110 spins. When the end of an array 
containing the sensor 106 passes the magnet 107 on the frame, a 
contact closure is made. In cases where the coil is used, a 

50 current is induced, and for a Hall-effect sensor, the magnetic 
field is interrupted. The frequency of actuation determines the 
angular velocity of the wheel. With this information, the 
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microprocessor can synchronize images and patterns displayed by 
the LEDs to the speed of the wheel. This allows images to be 
"frozen" or controllably "scrolled" in one direction or the other. 
Because the entire linear array of lights is swept during motion, 
5 it appears to the viewer as if the entire wheel is illuminated. 

Each array contains a series of LEDs. Each LED is mounted inside a 
plastic housing that contains a series ^light-pipes" that split 
the light path from the single LED into two light paths, each 
10 perpendicular the rotation of the wheel. This is done so that the 
images or geometric patterns can be seen from either side of the 
wheel, using only a single LED. By using only a single LED and 
splitting the light as such, costs are reduced. 

15 An alternative embodiment eliminates the light pipe and includes 
two rows of LEDs pre-mounted perpendicular the rotation of the 
wheel. This configuration allows different colors to be generated 
on the left and right sides of the wheel by using two different 
colored LEDs on each side. 



When a single master array 101 is used, the rider must go 
approximately twenty mph for the light display to appear as solid 
light to the human eye. At this speed, the brain "merges" the LEDs 
into a uniform, consistent image. To allow patterns to be viewed 
25 at slower rider velocities, additional slave arrays 102-103 can be 
spaced around the rim. Slave arrays are similar in appearance to 
the master array but do not contain a microprocessor and other 
additional circuitry. The slaves are attached to the master using 
cables 105 and a series of in-line connectors. 



The master can determine how many slaves are attached by detecting 
the presence of "pull-down-resistor" in the slaves connected to 
the master by cables 105. This sensing for the number of spokes 
can be done when power is initially turned on. Depending on how 
35 many slave arrays are detected, the internal timings of 
microprocessor can be adjusted to generate the appropriate 
patterns. With a larger number of slave, the consistency, image 
quality and persistence to the observer is significantly better, 
particularly in lighted areas. 



Each slave can also include a battery compartment for additional 
batteries. Power available from any of the arrays can be combined 
to operate the apparatus. A configuration including a single 
master and multiple slaves can continue to operate even when a 
45 number of slaves or the master has as dead batteries . Only one of 
the arrays needs to have good batteries, and these good batteries 
power the entire apparatus. 

A memory connected to the microprocessor can store a large number 
50 of patterns, images, and messages, for example, hundreds. These 
images can be played out in a random, sequential, or fixed 
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pattern. Selection of the playback method is done via the 
pushbutton switches 108 located in the master array, see Figure 1. 

Figures 3a-3f show additional possible patterns, for example, 
5 spokes, rings, a spiral, letters, petals, and a geometric pattern. 

In the usual case, where a number of display devices are used, the 
display devices should be spaced as close to evenly as possible 
around the wheel. For bicycles, a number of arrangements for 
10 spokes exist. Many wheels have thirty- two spokes, while others 
have thirty- three . When attaching three display devices on a wheel 
with 36 spokes, for instance, each display device is placed 
evenly, each 120 degrees from each other, around the wheel. 

15 When trying to attach three display devices to a 32 spoked wheel, 
it is impossible using mechanical connections to spokes to evenly 
distribute the display devices around the wheel. In this case, for 
a 32 spoked wheel, the display devices could be connected at 0 
degrees, 123.75 degrees, and at 247.5 degrees, for example. 

20 

When displaying text and other patterns, the microprocessor must 
know how the display devices are distributed around the wheel. The 
processor executes timing experiments and adjusts the light 
patterns based on the separation of the display devices. If the 
25 display devices are not evenly spaced around the rim, and the 
microprocessor does not adjust for this, gaps and overlapping 
images will occur. 

To prevent this, the master display device 101 can be programmed 
30 using the control buttons 108 to understand the spoke pattern on 
the wheel. For instance, the user might enter 32 or 36 or some 
other number. The user could also specifically indicate to "spoke" 
spacing between the devices. The microprocessor automatically 
determines the number of attached display devices using the pull- 
35 down resistors, this together with the device spacing information, 
is sufficient information to adjust the modulation so that 
continuous images without gaps or overlapping are generated. 

Figure 4 is a block diagram of the circuitry 200 for one master 
40 display device 101 and three slave display devices 102-104. The 
circuitry includes batteries 201 for powering the microprocessor 
202, memory 220, and LEDs 230. The slaves are equipped with 
prograinming ID resistors 240. The number of slaves is sensed by 
sensing circuit 250. The LEDs are activated via series-parallel 
45 conversion/LED drivers 260. Power sharing among the master and the 
slaves is accomplished by battery share diodes 270. 

Figure 5 is a detailed schematic of the control circuit 200 of the 
master display device 101. The microprocessor 202, e.g., a PIC16C 
50 from Microchip Technology Inc., is clocked by a 4 MHz crystal 203. 
The microprocessor 202 includes memory 220 for storing the 
possible patterns. As shown, the two banks of eight LEDs 230 1 and 
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230" are driven via serial to parallel converters 231, and the 
LEDs are connected to resistor networks 232. 

Figure 6 is a detailed schematic of a slave display device, where 
5 resistor 205 is a pull-down resistor for detecting the slave. 

Figure 7 shows the master display device 101 and the two slave 
display devices 102-103 attached to the bicycle wheel 110. In this 
configuration, the display devices 101-103 have a propeller shape. 
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As shown, in Figure 8, each display device is mounted in a 
propeller shaped housing 800 having top and bottom part 801-802. 
The components, for example, the LEDs 201, microprocessor 202 and 
clock 203 are mounted on a circuit board 810. The batteries 201 
are mounted between the circuit board and the bottom part of the 
housing. The housing includes cut-outs for a series of light-pipes 
820 that split the light path from the single LEDs into two light 
paths, each perpendicular the rotation of the wheel. The display 
device is attached to a spoke near the rim by a clip 107 located 
on the bottom part opposite the sensor 106 in the top part. As 
shown in Figure 6, the other end of the display devices 101-103 
can be attached to the hub 115 of the wheel by elastic straps 116. 

Although the embodiments shown are for mounting on a bicycle, it 
should be understood that the apparatus can also be mounted on 
automobile wheels, ceiling fans, wiper blades, airplane 
propellers, or other rotating or oscillating objects. 

This invention is described using specific terms and examples. It 
30 is to be understood that various other adaptations and 
modifications may be made within the spirit and scope of the 
invention. Therefore, it is the object of the appended claims to 
cover all such variations and modifications as come within the 
true spirit and scope of the invention. 
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I claim: 

1 1. A light display apparatus for mounting on an a moving object 

2 attached to a fixed frame, comprising: 

3 a master array of lights mounted on the moving object; 

4 a sensor mounted on the rotating object sensing a velocity of 

5 the moving object with respect to the fixed frame; 

6 a microprocessor, mounted on the moving object and connected 

7 to the master array of lights and the sensor, including a memory 

8 storing a plurality of display patterns, the microprocessor 

9 modulating the master array of lights according to a selected one 

10 of the plurality of display patterns and the sensed velocity of 

11 the moving object to form an image using persistence of vision of 

12 a viewer. 

1 2. The apparatus of claim one wherein the fixed frame is a 

2 bicycle, and the moving object is a rotating wheel having an 

3 angular velocity. 
4 

5 3. The apparatus of claim further including a housing for mounting 

6 the master array of lights, the sensor, and the microprocessor, 

7 and means for attaching the housing to a spoke of the wheel. 

1 4. The apparatus of claim 1 further including a plurality of slave 

2 arrays of lights mounted on the moving object, each slave array of 

3 lights individually connected to the microprocessor and modulated 

4 according to the selected one of the plurality of display patterns 

5 and the sensed velocity. 

1 5. The apparatus of claim 4 further including means for 

2 determining the number of slave arrays of lights. 

1 6. The apparatus of claim 4 further including means for 

2 distributing and sharing power among the master and slave array of 

3 lights. 

1 7. The apparatus of claims 4 further including means for unique 

2 identifying each of the plurality of slave array of lights. 

1 8. The apparatus of claim 1 wherein a serial signal for modulating 

2 the array of lights is converted to a parallel signal. 

1 9. The apparatus of claim 1 wherein the sensor is attached to a 

2 wire coil, and a magnet is mounted on the frame. 

1 10. The apparatus of claim 1 wherein the sensor is a solid-state 

2 magnetic-field Hall-effect integrated circuit. 

1 11. The apparatus of claim 1 wherein a magnet for actuating the 

2 sensor is mounted on the fixed frame. 



7 



WO 02/23515 _ _ PCT/US00/25O98 



1 12 . The apparatus of claim 1 wherein batteries for operating the 

2 master array of lights and the microprocessor are mounted in the 

3 housing . 

1 13. The apparatus of claim 1 further including control buttons for 

2 selecting one of the plurality of display patterns. 

1 14. The apparatus of Claim 1 including means for splitting light 

2 emitted by the array of lights into two different directions. 

1 15. The apparatus of claim 4 wherein the master and slave arrays 

2 of lights are spaced equally apart. 

1 16. The apparatus of claim 4 wherein the master and slave arrays 

2 of lights are spaced unequally apart, and further including means 

3 for adjusting the modulation of the master and slave array of 

4 lights according to the unequal spacing of the master and slave 

5 arrays to form a continuous single image using persistence of 

6 vision of a viewer. 

1 17. A light display apparatus for mounting on an a moving object 

2 attached to a fixed frame, comprising: 

3 a plurality of arrays of lights mounted on a rotating bicycle 

4 wheel; 

. 5 a sensor mounted on the wheel sensing an angular velocity of 

6 the rotating wheel with respect to a bicycle frame; 

7 a microprocessor, mounted on the rotating wheel and connected 

8 to the sensor and individually connected to each of the plurality 

9 of arrays of lights by a cable, including a memory storing a 

10 plurality of display patterns, the microprocessor modulating the 

11 plurality of arrays of light according to a selected one of the 

12 plurality of display patterns and the sensed angular velocity of 

13 the rotating wheel to form an image using persistence of vision of 

14 a viewer. 
15 

1 18. A method for displaying a light pattern on an a moving object 

2 attached to a fixed frame, comprising the steps of: 

3 mounting a master array of lights on the moving object; 

4 sensing a velocity of the moving object with respect to the 

5 fixed frame; 

6 storing a plurality of display patterns in a memory of a 

7 microprocessor; 

8 modulating the master array of lights according to a selected 

9 one of the plurality of display patterns and the sensed velocity 

10 of the moving object to form an image using persistence of vision 

11 of a viewer. 

1 19. The method of claim 18 wherein a plurality of slave arrays of 

2 lights are mounted on the moving object, each slave array of 

3 lights individually connected to the microprocessor and modulated 
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1 lights individually connected to the microprocessor and modulated 

2 according to the selected one of. the plurality of display patterns 

3 .and the sensed velocity. 
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FIG. 3a 




FIG. 3b 




FIG. 3e 



FIG. 3f 
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FIG. 9 



